Importance: Although the most recent American Joint Committee on cancer staging guidelines for ocular surface squamous neoplasia place a heightened emphasis on biopsy and histopathologic analysis, the interpretation and clinical relevance of these staging criteria are not always clear. We address limitations of using histopathologic analysis to predict clinical outcomes and suggest less-invasive assessments. Background: To investigate the impact of histopathologic depth of invasion on outcomes for tumours with the common presentation of multiple structure involvement. Design: Retrospective chart review at tertiary institution. Samples: Of 41 eyes with ocular surface squamous neoplasia between 2012 and 2017, 27 tumours involving multiple ocular structures clinically were included. Methods: Biopsied tumours were determined to be invasive beyond the basement membrane or non-invasive; non-biopsied tumours were clinically identified with unknown depth of invasion. Outcomes were compared using Fisher's exact or Student's t tests. Main Outcome Measures: Proportion of tumours cured, recurred and/or persisting. Results: Twelve tumours (44%) received primary excisional biopsy, 10 (37%) received chemotherapy without biopsy and 5 (19%) received chemotherapy and biopsy. Clinical diagnosis was correct in all biopsied cases. While there were no significant differences in outcomes between invasive vs non-invasive tumours or treatments, there was a trend toward larger basal diameter in recurrent tumours regardless of treatment. Conclusions and Relevance: When ocular surface squamous neoplasia tumours with similar clinical involvement were compared, histopathologic depth of invasion was not predictive of clinical outcomes. Future staging criteria may consider the potential of largest basal dimension for more accurate prognostication.
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| INTRODUCTION
The 8th edition of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual, 1 compared to the 7th edition, 2 places a heightened emphasis on biopsy with histopathologic analysis for diagnosis and staging of ocular surface squamous neoplasia (OSSN) ( Table 1) . Stages T1 and T2, for example, are now both defined by histopathologic invasion of tumour cells beyond the epithelial basement membrane (a characteristic that is only discoverable through biopsy and histologic analysis), whereas stage Tis tumours are defined by a lack of basement membrane invasion. T3 is a particularly vast and common stage of OSSN, 3 including tumours of any size that involve adjacent ocular structures (eg, cornea, tarsal conjunctiva, caruncle, eyelid lamellae, etc.); the majority of OSSN tumours fall into this category, demonstrating superficial extension onto the corneal surface or other adjacent structures. [4] [5] [6] However, the interpretation of current AJCC criteria for stage T3 (tumours with multiple structure involvement) is ambiguous, as the presence or absence of invasion beyond the basement membrane-unlike for prior stages-is not clearly specified. Given this difficulty in applying AJCC criteria to OSSN tumours that involve multiple structures-and given that such tumours are often treated topically without excision in clinical practice-the necessity of biopsy for diagnosis, staging and treatment of these cases is questionable. Whether or not the absence of a biopsy for histopathologic analysis and staging leads to a difference in patient outcomes is not known. Although excisional biopsy with cryotherapy remains the gold standard for diagnosing and treating OSSN lesions, 7 extensive tumours cannot be fully resected and thus clinical appearance and imaging features on anterior segment optical coherence tomography (AS-OCT) are often used for clinical instead of pathologic diagnosis in these cases. The subsequent management is an area of active debate among ocular oncologists, with some preferring confirmatory incisional biopsy followed by definitive adjuvant therapy, while others diagnose clinically and then initiate treatment with primary topical chemotherapy. 7, 8 Although the latter approach involves treatment without confirmatory biopsy, many tumours in ocular oncologyincluding retinoblastoma and melanoma-are successfully treated based on clinical diagnosis without histopathologic confirmation. 9, 10 For OSSN, there have been no randomized controlled clinical trials to compare these options, but retrospective comparative studies demonstrate high cure rates with either primary surgery or chemotherapy alone. 4, 11, 12 Although several retrospective case series have used 7th edition AJCC clinical staging criteria 2 to classify OSSN lesions based on clinical presentation alone-without histopathologic examination 5, 6 -no studies to our knowledge have yet examined the clinical relevance of the AJCC 8th edition for this disease, especially as it relates to tumours with multiple structure involvement. Thus, we examined the influence of histopathologic depth of invasion on tumour outcomes for OSSN with multiple structure involvement to better evaluate the clinical role of biopsy and staging for OSSN.
| METHODS

| Study design
This retrospective case series was approved by the University of Southern California Institutional Review Board, and the methods were compliant with the Health Insurance Portability and Accountability Act and the Declaration of Helsinki. In order to investigate invasive and non-invasive tumours with the common presentation of multiple structure involvement, all patients at the USC Roski Eye Institute between January 2012 and June 2017 with OSSN tumours demonstrating involvement of bulbar conjunctiva and adjacent ocular surface structures (eg, cornea, fornices, tarsus, lacrimal punctum, canaliculi, plica, caruncle, eyelid lamellae, eyelid margins and/or intraocular tissue) were included in the review. Patients initially received either surgical or topical treatment for their ocular surface disease, followed by subsequent therapies for persistent or recurrent disease. 
| Clinical tumour characteristics
All OSSN patient records were reviewed for tumour characteristics such as size and involvement of adjacent ocular structures based on clinical descriptions, slit lamp photographs and RTVue (Optovue Inc., Fremont, California) or Spectralis (Heidelberg Engineering Inc., Franklin, Massachusetts) AS-OCT images. In order to achieve standardized size measurements, tumour size was determined from slit lamp photographs and recorded as a ratio of the largest basal tumour diameter to the corneal diameter. Clinical imaging was considered in order to investigate whether tumour features on AS-OCT correlate with histopathology, thus facilitating non-invasive pathologic diagnosis.
| Tumour treatment and histopathologic analysis
Treatment (as recorded in patient charts) consisted of topical chemotherapy, excisional biopsy, or both depending on the clinical course of each case. Chemotherapeutic regimens included 5-fluorouracil (5-FU) drops (1%, 4 times daily given 2 weeks on − 2 weeks off × 2 courses), mitomycin C (MMC) drops (0.02%, 4 times daily given 2 weeks on − 2 weeks off × 2 courses), interferon-a2b (IFN-a2b) drops (1 million IU/mL, 4 times daily given for 4-6 months continuously), and/or IFN-a2b subconjunctival injections (3 million IU in 0.5 mL with an average of 3-6 injections given weekly), with varying lengths of treatment depending on response of the tumour to chemotherapy. For lesions requiring surgical treatment, excisional biopsy was performed using a no-touch technique with double freeze-thaw cryotherapy along conjunctival margins. 13 Absolute alcohol was applied to the corneal surface in cases of corneal epithelial involvement, and amniotic membrane grafts were used to achieve closure of wide excisions when necessary. The presence or absence of invasion beyond the basement membrane was determined for every biopsied lesion based on microscopic examination of formalin-fixed samples.
| Tumour outcomes
Main outcomes following treatment were recorded for each tumour, including cure, recurrence and/or persistence. Tumours that demonstrated clinical resolution following treatment and remained completely clinically resolved for the duration of recorded follow up were considered cured. A recurrence was denoted for any tumour that demonstrated complete clinical resolution following treatment, with a subsequent clinical reappearance of the tumour on follow up. Tumours that remained clinically evident following initiation of treatment through to final recorded follow up were considered persistent.
| Statistical analysis
Statistical analyses were performed using XLSTAT version 19.4 software (Addinsoft, New York, New York), and P-values less than 0.05 were considered statistically significant. Categorical variables were compared using the Fisher's exact test, and quantitative variables were compared using the Student's t test.
3 | RESULTS
| Tumour treatment and histopathologic analysis
Out of 41 eyes of 40 patients managed for OSSN during the study period, 27 tumours in 20 males (74%) and 7 females (26%) demonstrated multiple ocular structure involvement, including cornea, plica, caruncle, forniceal conjunctiva, eyelid, eyelid margin, lacrimal punctum and/or tarsal conjunctiva ( Figure 1 ). 
| Clinical diagnosis and imaging
Regardless of histopathologic depth of invasion, no tumour with a clinical diagnosis of OSSN was subsequently found to have a different diagnosis on histopathologic evaluation. However, clinical diagnosis alone was unable to distinguish between invasive and non-invasive disease, as even eyes with very similar levels of ocular surface involvement and appearance were not clinically predictive of the presence or absence of basement membrane penetration (Figure 2 ). Similarly, clinical imaging with AS-OCT, while consistently useful for broad clinical diagnosis of OSSN, was unable to reliably distinguish between invasive and non-invasive lesions. Out of 12 tumours (six invasive, two non-invasive, four unknown depth of invasion) imaged with AS-OCT prior to treatment, all demonstrated thickening and hyperreflectivity of the involved epithelial layer, as well as an abrupt transition between affected epithelium and normal epithelium as has been described classically for OSSN ( Figure 3 ). 14 However, although minor differences on AS-OCT were occasionally appreciated between invasive and non-invasive tumours (Figure 4 ), these differences were neither consistent nor explicit, suggesting that clinical diagnosis and AS-OCT alone may not be reliably used to differentiate between histologic invasiveness or stages of OSSN ( Figure 5 ).
| Comparison of tumours with and without histopathologic invasion beyond the basement membrane
There were no significant differences in size, treatment, or outcomes when comparing invasive and non-invasive tumours (Table 3) , although invasive tumours were smaller on average (mean = 0.855, SD = 0.349) than non-invasive tumours (mean = 1.172, SD = 0.463; P = 0.181). There was also no significant difference in proportion recurred and/or persisting, proportion cured, or time to cure when invasive and non-invasive tumours that received the same initial treatment were compared (ie, excised invasive tumours vs excised non-invasive tumours; medically treated invasive tumours vs medically treated non-invasive tumours; all P > 0.05).
| Comparison of treatment modalities
Regardless of tumour depth of invasion, a comparison of primary treatment modalities (ie, excisional biopsy vs chemotherapy) demonstrated that patients treated initially with excision were significantly younger (mean = 63.2 years, SD = 10.5 years) than patients treated with chemotherapy (mean = 77.3 years, SD = 11.4 years; P = 0.0026), although there may be an effect of treatment choice on this variable, with patients with more comorbidities choosing to defer surgery. While not significantly different, tumours treated with excision were smaller on average (mean = 0.879, SD = 0.366) than those treated with chemotherapy (mean = 1.075, SD = 0.463; P = 0.232), which is reflective of the surgeon's decision regarding the ability to fully resect the tumour. Notably, although time to cure was significantly greater for tumours treated with chemotherapy (mean = 6.5 months, SD = 5.2 months) than excised tumours (mean = 1.5 months, SD = 1.9 months; P = 0.0056), there were no significant differences in proportion of 
| Recurrent and persistent tumours
In total, 22% (n = 6; three invasive, two non-invasive and one unknown depth of invasion) of the 27 tumours recurred and/or persisted over the study period. Cryotherapy +/− absolute alcohol was used intraoperatively for all excised tumours, so positive conjunctival margins were monitored closely and additional therapy was not given based on pathology results alone. Any signs of recurrent or persistent disease, however, were promptly treated with topical chemotherapy or excision. The tumours that recurred and/or persisted were larger on average (mean = 1.279, SD = 0.449) than those that did not (mean = 0.905, SD = 0.392; P = 0.105). The excised tumours that recurred and/or persisted (n = 2; one invasive, one non-invasive) both demonstrated positive surgical margins on histopathologic examination, whereas tumours with negative surgical margins all resolved without recurrence or adjuvant therapy. Tumours treated specifically with chemotherapy that recurred and/or persisted (n = 4; two invasive, one non-invasive, one unknown depth of invasion) and required additional treatment tended to have a larger size (mean = 1.417, SD = 0.461) than tumours that responded successfully to initial chemotherapeutic treatment (mean = 0.903, SD = 0.375), although this difference was not statistically significant (P = 0.069).
| DISCUSSION
Previous studies have investigated the utility of the 7th edition AJCC staging system in predicting clinical outcomes of increased risk of recurrence for more extensive lesions (stages T2 and T3; >5 mm in greatest dimension and involving adjacent structures, respectively) than for smaller lesions (stage T1; ≤5 mm in greatest dimension). 17 As a result, some institutions have recommended routine tumour staging with histopathologic confirmation as a necessary adjunct in the management of every OSSN patient. 15, 16 However, although these studies emphasized the predictive value of clinical staging (based on clinical appearance of the tumours, as in the 7th edition of the AJCC clinical staging criteria 2 ), it should be clearly noted that not all patients in these earlier studies underwent excisional (or incisional) biopsy and thus many were staged based on clinical features only-a method that is less compatible with more recent AJCC 8th edition staging. Additionally, in many of these previous studies stage Tis was not even utilized in classifying tumours even though multiple cases demonstrated biopsyproven carcinoma in situ. 4, 15, 17 This disparity raises questions as to how prior findings translate to the more recent AJCC staging definitions-especially given the ambiguity in interpreting current stage T3 criteria-and whether prior recommendations of routine staging should still hold true today. While in a small cohort, our study demonstrated that noninvasive tumours were clinically larger and more extensively involved on average than invasive tumours. In addition, we found that while AS-OCT is a reliable tool for the broad clinical diagnosis of OSSN, it was unable to consistently differentiate between invasive and non-invasive tumours. These findings emphasize that neither AS-OCT imaging 18 nor clinical appearance alone can be used to reliably identify invasion, which is consistent with the AJCC's current heightened emphasis on biopsy with histopathologic analysis for OSSN staging (particularly for stages Tis, T1 and T2, for which depth of histopathologic invasion is explicitly defined).
The critical question, of course, is whether or not this matters ultimately to patient care and outcomes. While generally considered safe, biopsy is not without its risks.
Conjunctival surgery increases the potential for symblepharon formation and limbal stem cell deficiency, which can threaten or reduce vision. 4 Biopsy involves a surgery, often with general anaesthesia, with its own subset of risks, and there is an increased cost to the health-care system with surgical intervention (however, it may be covered by insurance while topical chemotherapy may not be, thus decreasing direct patient costs). 19 Alternatively, we and others have demonstrated that the diagnosis of OSSN may be accurately and non-invasively determined using clinical appearance and AS-OCT, 14 followed by topical or subconjunctival chemotherapy for successful tumour resolution. Because the ultimate goal of management is to maximize treatment efficacy without causing undue harm, it is important to consider the role of confirmatory biopsy in tumour staging and whether an invasive procedure is truly necessary to appropriately manage patients with OSSN. In our study, we found no significant difference in tumour outcomes when comparing invasive and noninvasive lesions, even when primary treatment modality was accounted for. This is consistent with larger retrospective studies that found no significant difference in recurrence of invasive vs non-invasive OSSN tumours. 20, 21 Additionally, a recent multicentre retrospective study demonstrated that tumour stage did not reliably predict initial treatment decisions, as both excision and chemotherapy were successfully utilized as treatment modalities for invasive and noninvasive lesions, despite their histopathologic differences. 22 Thus, although routine staging and histopathologic analysis of OSSN tumours has been previously recommended in order to guide treatment planning, 15, 16 our findings suggest that a biopsy of each tumour in order to determine specific histopathologic characteristics may not be necessary in order to make effective management decisions and achieve reasonable treatment response and cure.
Rather than tumour depth of invasion, clinical features such as tumour size seemed more influential in determining both initial treatment modality and post-treatment outcomes.
For example, our study demonstrated a trend toward smaller tumours receiving excisional biopsy and more extensive lesions receiving chemotherapy. Previous studies have similarly emphasized the use of medical treatment for large OSSN tumours, as complete resection can be very difficult for extensive lesions with diffuse involvement of ocular structures.
23,24
While we, like others, 4,11 found no significant difference in outcomes between excisional biopsy vs chemotherapy, tumour extent (regardless of depth of invasion or treatment) seemed to play a role-as recurrent or persistent tumours were larger on average than tumours that did not recur. This trend toward larger size in recurrent tumours agrees with prior studies that have shown a significant relationship between increased recurrence and larger baseline tumour diameter. 20, 21 Although the recent AJCC 8th edition staging criteria more strongly emphasize biopsy with histopathologic analysis for the evaluation of OSSN, we found that tumour outcomes were similar regardless of depth of invasion or treatment, and that initial tumour size-rather than histopathologic analysis-may be more useful for understanding potential risk of recurrence and the need for more aggressive management and more cautious follow-up. As our study is limited by its non-randomized, retrospective nature and relatively small sample size, future investigations with larger patient populations and randomized trials would be useful to more extensively evaluate the clinical relevance of the AJCC 8th edition in the diagnosis and management of patients with OSSN.
